Background: Neuropathic pain is a type of chronic pain that results from dysfunctions of the somatosensory nerve system. This study was aimed to investigate the effect of mTOR/VEGF signaling pathway on neuropathic pain and the regulation mechanisms of miR-183 on AMPA Receptors through mTOR/VEGF signaling pathway. Methods: Chronic compress injury (CCI) model was constructed in the current study, we used paw withdrawal mechanic threshold (PWMT) and paw withdrawal thermal latency (PWTL) to observe mTOR and VEGF receptors. Dual luciferase analysis, western blot and qRT-PCR were also applied to complete this experiment. Results: It was observed that the inhibition of mTOR and VEGF receptors could significantly relieve neuropathic pain in the CCI model. Moreover mTOR was confirmed as the direct target of miR-183. Furthermore, miR-183 could modulate VEGF through regulating mTOR expressions. We also found the expressions of AMPA receptors (i.e. GluR1 and GluR2), located in the downstream of mTOR/VEGF signaling pathway, were significantly upregulated when miR-183 was downregulated or when the mTOR/VEGF signaling pathway was activated.
(1) chronic compress injury (CCI) model: separation and ligation of the medial side of the left sciatic nerve; (2) sham group: separation and exposure of the left sciatic nerve with coiling, yet no ligation; (3) rapamycin group: sheath built-in tube, separation and ligation of the medial side of the left sciatic nerve and injection of rapamycin (Beyotime Shanghai) within sheath 4 hours after surgery for consecutive 3 days; (4) anti-VEGF group: sheath built-in tube, separation and ligation of the medial side of the left sciatic nerve and injection of anti-VEGF (R&D AF564) within sheath 4 hours after surgery for consecutive 3 days; (5) DMSO group: sheath built-in tube, separation and ligation of the medial side of the left sciatic nerve and injection of DMSO (solvent of rapamycin) (Invitrogen); (6) NS group: sheath built-in tube, separation and ligation of the medial side of the left sciatic nerve and injection of NS (solvent of anti-VEGF) within sheath 4 hours after surgery for consecutive 3 days; (7) control group: normally fed rats with no treatments. As for the surgery, the SD rats were given modified sheath built-in tube in the waist until after peritoneal injection with 10% chloral hydrate (350 mg/kg). The procedure of sheath built-in tube surgery all fully complied with Takei et al. [26] . Furthermore, CCI animal model was established in light of Bennett-Xie et al. [27] . Briefly, the skin of mid-thigh was incised in the periphery of thighbone and inter-muscular fascia was bluntly dissected along the muscle clearance, enabling the sciatic nerve trunk exposed. Four ligatures (4-0 chromic gut) were tied (interval: 1.0 mm) proximal to the sciatic trifurcation so that calf muscle trembled slightly and blood supply of epineurium would not be affected. The experiment has been approved by the First Affiliated Hospital of Zhengzhou University experimental animal committee.
Testing of paw withdrawal thermal latency (PWTL) and paw withdrawal mechanic threshold (PWMT)
PWTL and PWMT of rats' left hind paws were assessed with application of 7370 Plantar Test (Ugo Basile, Italy) and 2390 Electronic von-Frey Anesthesiometer (IITC Life Science, USA) [27] . For the evaluation of PWTL, light source was pointed to rats' paws below the pelma and the positions were the same for each testing. When the rats responded with leg rising because of self-reported pain, the recorded time was considered PWTL for this testing (accurate to 0.1 s). All rats were measured three times, and the time interval lasts for 5 minutes at least. As for another appraisal of PWMT, the light source was replaced with a probe touching the pelma of rats. PWTL and PWMT were tested for all groups of rats 1 day before modeling as well as on the 1 st , 3 rd , 5 th and 7 th day after modeling.
Sampling and specimen preparation
All rats were sacrificed on 8 th day after modeling, and the spinal cord (L4-L6) was taken. One part was transferred into liquid nitrogen tank (-80 ℃) for the following detection of the expression of miR-183, and related mRNAs and proteins in superficial laminae of spinal dorsal horn. The other part was fixed in 4% formic acid polymer for 12 hours and then kept in PBS with sodium azide. After dehydrated with gradient ethanol, transparentized with butanol and embedded with paraffin, serial section cutting was performed with rotary microtome (Shandon, England) and slice thickness was guaranteed as 5 μm. Subsequently, the slices were baked in slide warmers for 4 hours and maintained in 37 °C overnight.
Determination of expressions of miR-183, mTOR and VEGF
We extracted the total RNA of spinal cord following miRVana total RNA isolation kit (Ambion) and measured the amount of RNA with Nanodrop (Thermo Scientific, USA). The mRNA expressions were calculated in accordance with a previous protocol [28] . Briefly, total RNA was reversely transcribed to cDNAs [Archiving Kit (Life Tech, USA)], which were then amplified [Power SyBr Green PCR Master Mix (Life Tech, USA)]. The primer sequences for miR-183, mTOR and VEGF were shown as Table 1 . Ultimately, we obtained the amplified signals through 7300HT fast real-time System (Applied Biosystem, USA) and normalized mRNA expressions with GAPDH intensity.
Hematein eosin (HE) staining
Paraffin sections with intact spinal cords were dewaxed in thermostat (57 °C) for 30 min and then cooled for 20 min. After dewaxing and rehydration of the slices with dimethylbenzene and alcohol of different concentrations, the slices were immersed into hematoxylin for 2 min and washed with distilled water. Then 1% hydrochloric acid alcohol was used for 2 seconds, followed with running water wash. After that, eosin was used for 2 min for the staining of cytoplasm. Finally, the slices were naturally dried, sealed with neutral resins and photographed. 
Immunohistochemistry with 3'-diaminobenzidine (DAB) staining and semi-quantitative analysis
Spinal cord sections in good shape were managed in turn with dewaxing, dimethylbenzene infiltration for three times, graded ethanol dehydration, antigen retrieval (80 °C, 20 min), 3% hydrogen peroxide (5 min) and finally normal sheep serum closed (40 min). The primary antibodies (mouse anti-rat mTOR antibody, 1:500, Abcame 32028; anti-VEGF, 1:800, SantaCruz Biotechnology; mouse anti-GluR1, 1:50, SantaCruz 5550; mouse anti-GluR2, 1:3000, Chemion MAB39) were applied and co-incubated at 4 °C overnight firstly and then at room temperature for 20 min. The secondary antibody labeled with Biotin (Dako) and the streptomycin avidin named with HRP (Horseradish Peroxidase) (Dako) were then applied and incubated for 30 min at room temperature. Staining was performed using 3'-diaminobenzidine (DAB) and slices were counterstained with hemalum. Phosphate balanced solution (PBS) instead of a primary antibody, was considered as a negative control (NC) and a known positive antibody was regarded as a positive control. The distribution of positive cells were observed by optical microscope (Abcam, USA), and record the total number of positive cells of the left side of the spinal dorsal horn of shallow under high power field of vision (400×).
Cell culture and differentiation of PC12 cells PC12 cells (pheochromocytoma cell lines of rats) were purchased from the fundamental research center, Union Medical College, Chinese Academy of Medical Sciences. The thawed PC12 cells were centrifuged at 1000 rpm for 5 min and the resultant supernatant was immigrated into 6-8 ml complete medium for static cultivation (37 °C, 5% CO 2 ) during 3-4 days. Cell passage would proceed when culture media changed from fuchsia to yellow and 70%-80% visible cells under the microscope began to fuse. After addition of 50-100 ng/ml nerve growth factor (NGF) to PC12 cells (density: 5 × 10 5 /ml), cell morphology was observed under the inverted microscope. Twenty-four hours later, cells were adherent to the cells and axons were generated. With further culture of 7-10 days, 90% cells grew by adherence and formed like neuron cells. The above cells were utilized for experiments in vitro.
Inhibition of miR-183 in PC12 cells with technology of Locked Nucleic Acid (LNA)
We managed the sequence for suppressing expressions of miR-183 as +A+G+T+G+AATTCTACCAGTG+C+C+A+T+A with LNA (Exiqon), and that for negative control as +C+A+T+T+AATGTCGGACAAC+T+C+A+A+T. The symbol of '+' in the above sentences was representative of locked base. The process of LNA oligonucleotides' transfection into PC12 cells was carried out with help of Lipofectamine 2000 reagent (Invitrogen). All the procedures were strictly in accordance with manufacturer's instructions.
Luciferase assay of miR-183 with mTOR
The wide-type and mutant-type of mTOR 3' untranslated regions (UTR) luciferase reporter vectors (50 ng) were constructed. Either 50 nM LNA inhibitors (Exiqon) or 50 nM pre-miRNAs (Ambion) were, along with the established wild/mutant-type luciferase reporter vectors, transfected into PC12 cells via Lipofectamine 2000 (Invitrogen). Luciferase activity was figured out with the Dual-Luciferase Reporter Assay System (Promega) when transfection lasted for at least 48 h. We also constructed reported vectors where miRNA-183 seed regions were mutated by virtue of Quick Change II XL Site Directed Mutagenesis Kit (Agilent). [29] . Groups of VEGF siRNA and mTOR siRNA were PC12 cells transfected with si-VEGF and simTOR (GenePharma, China), whereas the control groups were cells transfected without any sequence. The aforementioned transfection processes were all executed by virtue of Lipofectamine 2000 (Invitrogen).
Western blot analysis
After the tissue was defrosted, RIPA cracking liquid with multiple inhibitors was added (every 20mg tissue with 200 µl RIPA cracking liquid). Then ultrasonic apparatus was used until fully cracking on the ice, followed with centrifugation (4 °C, 15000 r/min, 20 min). For the purpose of quantifying protein expressions, western blot was performed as described elsewhere [30] . In addition, antibodies for western blot assays were obtained as mTOR (Cell Signaling), VEGF (R&D AF564), GluR1 (SantaCruz 55509), GluR2 (Chemion MAB39) and GAPDH (Ambion).
Statistical analysis
We performed all statistical analyses by SPSS 19.0 software. The numerical data (mean ± SD) were measured by one-way analysis of variance (ANOVA) together with SNK-q post-test to evaluate the differences among the multiple groups. P < 0.05 provided evidence for statistical significance.
Results

PWMT and PWTL of rats' left hind
Pre-operative PWMTs of all groups were fairly consistent (P > 0.05), and no pronounced distinctions were examined between control group and sham group in their capabilities to endure mechanical stimuli at every experimental point in time (P < 0.05) (Fig. 1A, Table 2 ). In contrast, among the CCI, NS, DMSO, rapamyclin or anti-VEGF groups, notable decrease of PWMT were found after operations (P < 0.05). The rats' posterior limbs even exhibited claudication, mild ectropian, retraction of paw and inabilities to bear load at the 1 st day after surgery, whereas the above phenomena were scarcely detected before surgery. Obviously, the CCI, NS and DMSO group also differed from the control group in their post-operative PWMTs at each corresponding time point (P < 0.05) while there is no makeable difference among them (P > 0.05). Finally, the descending PWMT in rapamyclin or anti-VEGF group seemed apparently larger than CCI group but smaller than control group at the 3 rd , 5 th and 7 th day after surgery (P < 0.05), while no obvious discrepancies in PWMT were observed between rapamyclin and anti-VEGF group (P > 0.05). The rats' PWTL displayed the same tendencies with PWMT (Fig. 1B, Table 3 ).
Morphology of neuronal cells located in rats' lumbar spinal cord
Neuronal cells of all studied groups were neat in alignments, integral in morphology, clear in dying of cell nucleus and cytoplasm (Fig. 2) . In addition, swelling, denaturation and necrosis of the cells were barely observed and no edema and infiltration of inflammatory cells within mesenchyme.
Expressions of miR-183, mTOR, GluR1 and GluR2 in superficial laminae of spinal dorsal horn
As shown in Figure 3A , the miR-183 expression in rapamyclin and VEGF antibody group was lower than the control group, but higher than CCI group (P < 0.05). While mTOR and VEGF expression in rapamyclin and VEGF antibody group was higher than the control group, but lower than CCI group. The number of mTOR positive cells of sham group remained very close to the control group, yet the positive cell numbers in the CCI, DMSO and NS groups were remarkably increased in comparison to the control group (P < 0.05). Similarly, the positive cell counts of rapamyclin or VEGF antibody group were larger than those of the control group, but smaller than those of CCI group (P < 0.05). Virtually, the variation trends of VEGF, GluR1 and GluR2 expressions were similar to those of mTOR expressions (Fig.  3B ). In addition, as Figure 7 shown, the mTOR expressed mainly in the sensory neurons in superficial laminae of spinal dorsal horn, while VEGF, GluR1 and GluR2 expressed in both neurons and neuroglial cells. Moreover, the protein expression levels of mTOR, VEGF, GluR1 and GluR2 detected by western blot assay were also consistent with the changing conditions of positively expressional cell numbers (Fig. 3C-D) .
that VEGF expressions were upregulated in the presence of increased mTOR expression (P < 0.05) (Fig. 6A-B) . Nevertheless, mTOR expressions did not vary with expressional changes of VEGF (P > 0.05) (Fig. 6C-D) , partly providing that mTOR was in the upstream of VEGF. Moreover, GluR1 and GluR2 were significantly upregulated when either mTOR or VEGF was over-expressed (P < 0.05) (P < 0.05) (Fig. 6 ).
Discussion
Neuropathic pain caused by damages to nerve system offers no biological advantages but suffering and distress, which might result from infections, trauma, metabolic abnormalities, chemotherapy, surgery, irradiation, neurotoxins, inherited neurodegeneration, nerve compression, inflammation, and tumor infiltration [31] . Millions of people suffer from neuropathic pain, whereas its treatment and diagnosis are insufficient.
The present study demonstrated that elevated VEGF expression is significantly related to neuropathic pain, while the inhibition of VEGF helps to attenuate neuropathic pain. The result is in consistence with previous studies in diverse mouse models [18] . Considering its critical role in pain regulation, VEGF and VEGFR are regarded as valuable therapeutic targets. The anti-angiogenic VEGF-A splice variant, VEGF-A165b, was invented as a potential therapeutic for diabetic neuropathy. Results demonstrated that in animal models, VEGFA165b significantly altered pain behavior and prevented neuronal stress [32] . Hypoxia- specific, VEGF-expressing neural stem cell therapy was also proposed as safe and effective treatment of neuropathic pain [33] . Previous results also showed that neural stem cells expressing VEGF aided functional recovery and pain reduction in a sciatic nerve injury model [34] .
Zhang W et al. reported that intrathecal injection of rapamycin could reduce neuropathic pain by inhibiting mTOR [35] . Tateda S et al. demonstrated that rapamycin, as an inhibitor of mTOR, suppressed the development of neuropathic pain when the spinal cord was injured [36] . These studies consisted with our observation that the inhibition of mTOR can significantly attenuate symptoms of neuropathic pain. Therefore, the inhibition of mTOR/ VEGF signaling pathway can relieve the neuropathic pain sufficiently.
Moreover, the miR-183 family is comprised of miR-96, miR-182 and miR-183, and they share sequence homology and play an important part in neuronal disorders. In addition to miR-183, miR-96 and miR-182 were shown to be able to reduce neuropathic pain as well. Chen et al. observed that miR-96 relieved neuropathic pain by inhibiting the expression of Nav1.3 in dorsal root ganglion [37] ; whereas miR-182 inhibits Schwann cell proliferation and migration by targeting fibroblast growth factor 9 (FGF9) and neurotrimin (NTM) following sciatic nerve injury [38] . Interestingly, in addition to its positive role in pain regulation, increased miR-183 expression may also lead to neurodegenerative diseases. Elevated miR-183 may reduce local axonal translation of mTOR in SMN (survival motor neuron)-deficient neurons and contribute to spinal muscular atrophy through targeting mTOR directly [28] . Our research illustrated that the mTOR was the direct target of miR-183 as well and miR-183 was negative regulator of both mTOR and VEGF.
In the CCI model of neuropathic pain, we also found that AMPA receptors located downstream of mTOR/VEGF signaling pathway. GluR1 and GluR2 were significantly upregulated when miR-183 was downregulated or when mTOR/VEGF was activated. In the pain system, glutamate is the primary excitatory transmitter. Two ionotropic glutamate receptors, AMPA and NMDA (N-methyl-D-aspartate), and the mGluRs (metabotropic G-protein coupled glutamate receptors) are involved in the transmission of peripheral pain signals [39] . 
